A microcapsule water slurry is a latent heat-storage material having a low melting point. In this study, the thermal properties of a microcapsule water slurry are measured. The physical properties of the test microcapsule water slurry, i.e., thermal conductivity, specific heat, latent heat, and density, are measured, and the results are discussed for the temperature region of solid and liquid phases of the dispersion material (paraffin). It is clarified that Eucken's equation can be applied to the estimation of the thermal conductivity of the microcapsule water slurry. Useful correlation equations of the thermal properties of the microcapsule water slurry are proposed in terms of the temperature and concentration ratio of the microcapsule water slurry constituents.
Introduction
Recently, much attention has been paid to the investigation of the usage of slurry-type latent heat-storage (phase-change material) systems [1]. This type of latent heat-storage system can substitute a traditional sensible (water) heat-storage system. The benefit of a low-temperature phase-change material (solid-liquid phase) in water is that it increases the amount of heat transmitted and heat-transfer coefficient by the churn- The Density, specific heat, latent heat, and thermal conductivity of the microcapsule water slurry were measured using a specific-gravity meter, a water calorimeter, a differential scanning calorimeter (DSC), and a transient hot-wire method 
Feature of Test Microcapsule Water Slurry
Paraffin, which is a cold latent heat-storage material, is an insoluble oil [6]. This type of insoluble oil is dispersed in water by using capsulation, i.e., microencapsulation is used to obtain a homogeneous microcapsule water slurry [8]. The specific heat of the microcapsule water slurry   was measured using the water calorimeter as mentioned above.
The measuring process was as follows. The temperature of the water (  = 80 g) in the calorimeter (copper vessel   = 80.96 g, mixing rod   = 12.53 g) was controlled by a temperature control bath. Subsequently, the test microcapsule water slurry, whose temperature is 5.0-6.0K higher than the initial water temperature in the calorimeter, was placed inside the water calorimeter. The specific heat of the microcapsule water slurry was calculated from equation (1), which is derived from the heat capacities of water (     ), copper vessel   , and mixing rod   , and the heat loss   resulting from the temperature difference between the test sample and the environment temperature.
where   is the equilibrium temperature of the microcapsule water slurry and the water mixture,   is the initial temperature of the water in the calorimeter, and   is the heat loss from the water calorimeter. The heat loss from the water calo- 
Estimation of Density
A specific-gravity meter method was used for measuring the density of the microcapsule water slurry. The specific-gravity meter was mounted in a cylinder, which is filled with the mi- The dashed line shown in Figure 3 indicates the calculated values of the microcapsule water slurry density by the additional properties law, which is defined by the density and constituent of the wall material, water, and paraffin as follows:
The water density   (from the published water-steam table)
[7] and paraffin density   (measured in the present study) are 
Estimation of Thermal Conductivity
A transient hot-wire method, using an electrically insulated platinum wire [5][6] was used for measuring the thermal conductivity of the microcapsule water slurry. The transient hot-wire method was used because of the following reasons:
(1) the test emulsion is an electrolyte, (2) 
Measuring Device and Procedures For Thermal

Conductivity Measurements
The device consisted of an acrylic cylinder (inner diameter   = 42 mm, height  = 140 mm, 3.5 mm in thickness) and a platinum wire was used as the hot wire (purity 99.99%, wire diameter 76 m, length  = 100 mm), which was located in the center of the acrylic resin cylinder. The platinum wire was coated with Teflon (17 m in thickness) in order to eliminate any electric current leakage to the test sample. Both ends of the platinum wire were supported by enameled copper wires (0.1 mm in diameter). The thermal expansion of the platinum wire was absorbed by the tension of the spring, which is mounted on top of the acrylic resin cylinder. The soldered joint between the platinum and copper wires was electrically insulated using acrylic paint. The relationship between the electric resistance of the platinum wire and temperature was calibrated by a standard thermometer and a precision electric-resistance measuring instrument, in the temperature range of  = 273-313K. The temperature increase of the hot wire was controlled within ∆ = 1.0K. The temperature difference Thermal properties of latent heat storage microcapsule-water slurry between the top and bottom surface of the test sample in the wire direction was measured by the T-type thermocouples, and the temperature difference was controlled within 0.1K. The thermocouples were calibrated by a standard thermometer; thus, the accuracy of the thermocouples was ±0.05K.
The measurement was initiated by impressing an electric voltage to the hot wire after the temperature of the test sample layer reached a given temperature, which was controlled by a temperature control bath. The thermal conductivity was calculated from equation ( Eucken's dispersion model [10] was then applied to estimate the thermal conductivity of the test microcapsule water slurry.
Measuring Results and Discussion of Thermal
Conductivity
The surfactant forms melamine in the water solution, and it makes a wall around the dispersed paraffin in the microcapsule water slurry. At the beginning, the thermal conductivity of the spherical surfactant construction is complex in the test microcapsule water slurry. The thermal conductivity of the microcapsule water slurry was estimated using the measured results of the two phases (melamine and water). An estimation of the thermal conductivity of the microcapsule water slurry is very difficult because the paraffin (phase-change material) is dispersed in water and coated with the wall material.
In this study, the spherical paraffin dispersed in water was assumed for the thermal conductivity model of the microcapsule water slurry, as shown in Figure 8 . The thermal conductivity of the assumed microcapsule water slurry model (Eucken's model) was calculated using the thermal conductivity of water, paraffin, and the microcapsule water slurry as follows:
where the thermal conductivity of paraffin is calculated from 
Conclusion
The thermal properties of a microcapsule water slurry were measured, which included the dispersed phase-change (latent heat-storage) material. The following conclusions were obtained.
(1) The density of the microcapsule water slurry was measured using a specific-gravity meter. It was determined that an appropriate property law could be applied to estimate the microcapsule water slurry density with paraffin (dispersed phase), water (continuum phase), and melamine density.
(2) The specific heat of the microcapsule water slurry was measured by a water-calorimeter. The specific heat of the microcapsule water slurry could also be estimated using the property law mentioned above.
(3) A transient hot-wire method was used for the measurement of the thermal conductivity of the microcapsule water slurry in the solid and liquid phases of the dispersion material.
It was clarified that a modified Eucken model could be applied to the estimation of the thermal conductivity of the microcapsule water slurry.
